Rats infected with virulent Diplococcuspneumoniae developed a significant increase in the rate of incorporation of labelled orotate into hepatic RNA when compared with pair-fed controls inoculated with heat-killed organisms. The finding was readily detected in rats raised on either a low-protein diet (6 % casein) or a diet containing adequate amounts of protein (18 % casein). The increase in hepatic RNA synthesis was observed by 12h and was maximal by 16-20h after inoculation with the D. pneumoniae. Most of the infectionrelated increase in RNA synthesis was associated with the bound ribosomal RNA fraction of the liver. A small but less significant increase was observed in the synthesis of free ribosomal RNA. The increased synthesis of RNA in the liver of infected rats resulted in a marked elevation of the liver RNA/DNA ratio, the major increase being observed in concentration of bound ribosomal RNA fraction. When followed sequentially, the infection-related increase in synthesis of hepatic RNA was preceded by a flux of amino acids into liver and was followed by elevated synthesis rates of serum globulin proteins.
Rats infected with virulent Diplococcuspneumoniae developed a significant increase in the rate of incorporation of labelled orotate into hepatic RNA when compared with pair-fed controls inoculated with heat-killed organisms. The finding was readily detected in rats raised on either a low-protein diet (6 % casein) or a diet containing adequate amounts of protein (18 % casein). The increase in hepatic RNA synthesis was observed by 12h and was maximal by 16-20h after inoculation with the D. pneumoniae. Most of the infectionrelated increase in RNA synthesis was associated with the bound ribosomal RNA fraction of the liver. A small but less significant increase was observed in the synthesis of free ribosomal RNA. The increased synthesis of RNA in the liver of infected rats resulted in a marked elevation of the liver RNA/DNA ratio, the major increase being observed in concentration of bound ribosomal RNA fraction. When followed sequentially, the infection-related increase in synthesis of hepatic RNA was preceded by a flux of amino acids into liver and was followed by elevated synthesis rates of serum globulin proteins.
These findings suggest that the infectious process was able to regulate hepatic RNA synthesis by altering the rate of transcription of new RNA. This mechanism was stimulated even in rats that had been severely depleted of body protein and amino acids by feeding them on a low-protein diet. The infection-related stimulation of liver RNA and protein synthesis thus appeared to take place at the expense of other body proteins.
Recent observations in our laboratories indicated that the synthesis of certain serum proteins was markedly increased in rats infected with Diplococcus pneumoniae (Wannemacher et al., 1971a) . When the serum proteins were fractionated by electrophoresis, the major infection-related increase in synthesis was observed in the a,, a2 and ,3 fractions with a concomitant decrease in the rate of synthesis of albumin (Powanda et al., 1972) . In contrast, the synthesis of total liver proteins was not significantly altered by the infectious process (Wannemacher et al., 1971a) , but increased activities of hepatic tyrosine transaminase and tryptophan oxygenase have been observed in rats or mice infected with D. pneumoniae (Rapoport et al., 1968; Shambaugh & Beisel, 1968) . Thus in rats infected with D. pneumoniae it would appear that the liver was stimulated to increase its synthesis of certain serum proteins and the activity of several hepatic enzymes. However, the pattern of synthesis was different from that observed in the non-infected, pairfed controls. These observations thus raised the question as to the mechanism whereby the infectious process was able to regulate hepatic protein synthesis. Previous observations in our laboratory suggested that both the translational (synthesis of protein) and transcriptional (synthesis of template) processes were increased in the liver of mice infected with pneumococci (Lust, 1966; Kehoe & Lust, 1969) . The present studies were designed to evaluate in greater detail the effects of infection on the synthesis and synthetic ability of hepatic ribosomes.
When weanling (23-day-old) rats were fed on a lowprotein diet (6% casein) for 28 days, hepatic amino acid concentration and rRNA protein-synthetic ability and rate of synthesis were all markedly decreased compared with rats given an adequate amount of protein (Wannemacher et al., , 1971b . If the rats that were fed on the low-protein diet were infected with D. pneumoniae, serum protein synthesis was significantly increased compared with pair-fed non-infected controls (Powanda et al., 1972 
Micro-organism and resulting infection
Virulent D. pneumoniae type I strain A5 served as the infecting bacteria. Cultures were prepared for inoculation by previously described procedures (Wannemacher et al., 1971a) . The infectious process was initiated by the subcutaneous injection of 0.1 ml of 0.9% NaCl-diluted culture containing 107 D. pneumoniae. Body-temperature changes were measured by rectal probe; bacteraemia was measured quantitatively by plate counting on blood-agar. Control pair-fed rats were injected with 107 heatkilled (56°C, 20min) organisms and were killed at 6, 12, 16 or 28h after inoculation.
Analysis of hepatic microsomal and ribosomal amino acid-incorporating ability, number ofactive ribosomes andpolyribosomal pattern A hepatic microsomal fraction was prepared by the procedure of Lust (1966) . The system of for amino acid incorporation in vitro was utilized in these experiments and the reaction was stopped after 15min incubation. The microsomal fractions were analysed for RNA and protein content by the procedure of Wannemacher et al. (1965) . The results were expressed as amount of radioactivity per mg of protein or per ,tg of RNA.
A ribosomal fraction was prepared as previously described (Wannemacher et al., 1971b) (Wannemacher et al., 1971b) . Samples of liver homogenate and cellular fractions were analysed for RNA, DNA and protein by previously described procedures Table 1 . Effect ofinfection on protein-synthetic ability ofliver microsomalpreparations Livers were from 51-day-old rats that had been fed on an 18 %-casein diet for 28 days. Rats were either infected with 107 D. pneumoniae or with 107 heat-killed (56°C, 20min) organisms and killed either 12 or 28h later. Hepatic microsomal fraction was prepared by the procedures ofLust (1966) . The protein-synthetic system in vitro contained in 1 ml: 1 mg of microsomal protein, 800jug of cell-sap protein, 250,umol of sucrose, 65,umol of KCI, 10,umol of MgCl2, 50,umol of Tris-HCl buffer, pH7.6 at 25°C, 5,umol of ATP, 0.1,umol of GTP, 19 naturally occurring L-amino acids (minus leucine) in the concentrations found in the liver cell and 0.8 nmol of L-[U-14C]leucine (0.2,pCi). Samples were incubated for 15min and protein was extracted by the procedure of Cooper et al. (1968) Vol. 134
Effect ofinfection on hepatic ribosomal integrity At both 12 and 24h after inoculation with D. pneumoniae, a significant increase was observed in the number of hepatic ribosomes that were actively synthesizing proteins, whereas at 24h there was a decrease in the percentage of polyribosomes in the livers from infected rats as compared with pair-fed controls (Table 2) . However, these changes in hepatic ribosome patterns had no significant effect on the rate of (Figs. Ic and ld) . By 12h after inoculation with the infectious organisms, a significant increase was observed in the specific radioactivity of liver RNA in both dietary groups as compared with pair-fed controls. At 12 and 20h after inoculation a maximum increase was noted in the 6%-and 18%-casein-fed infected rats respectively. By 28h, no difference was observed in the rate of RNA synthesis in infected or control rats fed on either diet.
At 16h after inoculation with D. pneumoniae in rats fed on the 18 %-protein diet, the specific radioactivity of the RNA from the nuclear fraction of the liver of infected rats was similar to that observed in pair-fed controls (Fig. 2b) infected rats (Fig. 2a) . At the same time-period, a significant increase was observed in specific radioactivity ( Fig. 2d) and percentage of total radioactivity (Fig. 2c) The RNA/DNA ratio was significantly increased in the liver of rats infected with D. pneumoniae by 16h after inoculation and continued to increase linearly up to 28h (Figs. 4a and 4b) . The infection-related increase in hepatic RNA was observed in rats fed on either the adequate-protein or low-protein diet. When the RNA/DNA ratios were compared in the various cellular fractions at 28 h, a significant increase in the cellular concentration of bound rRNA was observed in the infected rats as compared with pairfed controls (Figs. 4c and 4d) . No significant difference was observed in the amount of RNA present in the free ribosomal or soluble RNA fractions.
Discussion
Infection with D. pneumoniae in rats was characterized by an early movement of amino acids from muscle to liver cells and a subsequent increase in the synthesis of serum globulin proteins (Wannemacher et al., 1971a; Powanda et al., 1972) . Previous observations by Lust (1966) and Kehoe & Lust (1969) suggested that the infection-stimulated increases in protein synthesis in mice were regulated at both the translational and transcriptional sites within the liver cell. These earlier investigators utilized a microsomal fraction to measure rates of amino acid incorportation in vitro into proteins and expressed their results per unit of microsomal protein; similar results were derived from the present studies of pneumococcal infection in rats. However, if our present results were expressed on an RNA basis (Table 1) no difference was observed in the rates of protein synthesis in vitro in microsomal fractions from livers of infected or pair-fed control rats. Similarly, when the amino acid-incorporating ability of ribosomal fractions from livers of infected and control rats was compared, no differences were observed (Table 2) . Although there was a small but significant increase in the number of ribosomes that were actively synthesizing protein in the fractions from the infected rats, the process did not produce an overall increase in the protein-synthetic activity of the total ribosomal fraction. Therefore it seemed evident that the major effects of infection in regulating hepatic RNA synthesis were not at the translational sites. These observations thus lead to further studies during infection as to the possible regulation of hepatic protein synthesis at the transcriptional sites.
By 12h after inoculation with D. pneumoniae, RNA synthesis was significantly increased in the liver of infected rats as compared with pair-fed controls. The increase in synthesis of hepatic RNA takes place at approx. 6-8h before the observed increments in serum protein synthesis (Powanda et al., 1972) . Thus the increase in the rate of serum protein synthesis would appear to be regulated at the transcriptional level and was preceded by a stimulation in the rate of new hepatic RNA production. Similar observations ofan increase in hepatic RNA synthesis were reported by Kehoe & Lust (1969) in mice infected with D. pneumoniae.
The specific radioactivity in the nuclear RNA fractions in the liver of our infected rats was similar to that observed in the pair-fed controls, which would suggest that the changes in synthesis of other cellular RNA fractions do not represent an alteration in 1973 nucleotide pool size. Thus the increases in specific radioactivity in the bound and free rRNA fractions from the liver of infected rats represent elevations in the rates of synthesis of these ribosomal moieties. When expressed as a percentage of total hepatic radioactivity, the marked increases in RNA in the bound ribosomal fraction result in a decreased percentage in the nuclear and little change in the free ribosomal fractions. Therefore not only was there a marked increase in the rate of synthesis of bound ribosomes but also an elevated rate of passage of the newly synthesized RNA moieties from nucleus to cytoplasm. This difference was more evident when the radioactivity was expressed on a per-cell basis. In the rats receiving a 4h pulse of orotate there was nearly a fourfold increase in the amount of radioactivity in the bound rRNA fraction from the liver of infected rats as compared with the pair-fed controls. A similar Vol. 134 but smaller increase was observed in the free rRNA fraction. The increase in RNA synthesis in the liver of infected rats resulted in a significant accumulation ofcellular RNA as shown by the elevated RNA/DNA ratio; most of this increase was noted in the bound rRNA fraction.
Several investigators (Redman, 1969; Hicks et al., 1969; Ganoza & Williams, 1969) suggested that free ribosomes synthesized mostly internal proteins of the hepatic cells, whereas bound ribosomes mainly synthesized proteins for export (serum proteins). Thus the observed infection-related increase in synthesis of serum globulin proteins would be in agreement with the hypothesis of an increase in RNA directed to the bound ribosomes, which are at the sites of synthesis of these serum proteins destined for export. Although little change was noted in the rate of synthesis of total liver proteins in the infected rat ) from Powanda et al. (1972) . Rats were inoculated subcutaneously with 107 D. pneumoniae. The results are expressed as percentages of the values from pair-fed controls which were inoculated with the same number ofheat-killed organisms. Illness (vertical broken line) is characterized by the onset of fever and bacteraemia. (Wannemacher et al., 1971a; Powanda et al., 1972) , certain specific intracellular proteins of the liver such as tyrosine transaminase (Shambaugh & Beisel, 1968) and tryptophan oxygenase (Rapoport et al., 1968) have been reported to increase in rats or mice that were infected with D. pneumoniae. The small increase in free rRNA fraction in the liver of infected rats may be associated with the synthesis of such specific proteins, such as tyrosine transaminase and tryptophan oxygenase.
As illustrated in Fig. 5 the sequential changes in the liver of rats infected with D. pneumoniae can be characterized by a rapid increase in flux of amino acids into liver and decrease in serum amino acid concentrations by 4h (Wannemacher et al., 1971a) , an increase in hepatic bound rRNA synthesis by lOh, and subsequent elevation in the rate of formation of serum globulin proteins (Powanda et al., 1972 ) by 16h after inoculation of the virulent pneumococci. This pattern of change emphasizes the relationship that has been reported between the movement in concentration of cellular free amino acids and regulation of RNA and protein synthesis within a given cell .
When weanling rats were raised on a low-protein diet (6% casein), hepatic cells showed decreased amountsoffreeamino acids, bound rRNA and ability for synthesis of hepatic proteins or new rRNA in vivo or in vitro when compared with rats raised on an adequate protein diet (Wannemacher et al., , 1971b . However, if rats raised on this low-protein diet were infected with D. pneumoniae, a very marked increase was observed in the synthesis of bound rRNA. Again, this increase in bound rRNA was correlated with an influx of amino acids into liver and synthesis of serum globulin proteins in rats fed 1973 30 on the low-protein diet and infected with D. pneumoniae (Powanda et al., 1972) . These observations would suggest that the infection-related increase in hepatic utilization of amino acid will take place at the expense of other tissue proteins, even in the protein-depleted host.
